Abstract: Cylindrical waveguide with a helical corrugation on the inner surface has proven an effective dispersive medium for the compression of smoothly frequency modulated microwave pulses. This paper presents the results of experiments where -5.6kW, X-band (8. 0GHz to 12.5GHz), microwave pulses of 80ns duration and 5% frequency modulation were compressed into 1.5ns pulses with 25 times higher peakpower.
Introduction
A method of producing high power microwave pulses of short duration, utilizing a novel oversized X-band cylindrical waveguide, will be presented. For many applications high power microwave pulses are required. This can be done initially by direct amplification of the microwave signal using electron-beam interaction techniques, however an economically viable technique of reaching very high powers is to compress a low power, long duration, pulse into a higher power shorter duration pulse. The principles and methods of pulse compression vary depending on their application [1] . Where the pulse required has a suitably wide bandwidth an interesting method is sweep-frequency based microwave pulse compression, where a dispersive medium is used to compress a frequency-swept pulse.
In a dispersive medium the group velocity of any wave propagating through it is dependant on the frequency of the wave. If a microwave pulse is produced in which the wave is swept from a frequency with a low group velocity to a frequency with a high group velocity, the tail of the pulse will move to overtake the front of the pulse, resulting in pulse shortening and a corresponding growth in amplitude if the losses are sufficiently small.
Smooth circular waveguides were considered for pulse compression in the 1960's for use in RaDAR, however this poses a problem. In a dispersive medium the optimum region of operation is where the largest change in group velocity with frequency occurs, which is near cut-off for a smooth bore circular waveguide. It is inevitable that part of the pulse will fall below this cut-off and will be reflected back to the microwave source resulting in possible parasitic self-oscillation. A solution is to use a helically corrugated waveguide [2] , which was previously studied intensively for use as an interaction region for a gyro-TWA [3] , [4] , [5] . The helical wall corrugation can provide selective coupling between higher and lower circularly polarised modes near the Bragg conditions. For instance, a 3-fold helically corrugated waveguide ( Figure 1 ) will couple the TE11 to the first spatial harmonic of a near cut-off TE21 mode. This coupling results in an eigenmode, W, where the dispersion characteristics of one mode gradually transforms into those of the other. This means that the optimum frequency sweep in a helical compressor is from a high frequency to a lower frequency.
Experiment
The operation of a copper helically corrugated compressor was studied in an experiment. An arbitrary wave generator (AWG) was used to generate a frequency swept pulse in the 1GHz region, with a sweep rate of 2OMHz/s, which was directly matched to the dispersion characteristic of the helical waveguide. The pulse was then up-mixed to the required 9.6 -9.1GHz region by a vector signal generator (VSG) and used to drive a 7kW X-band TWT, generating the input pulse for the compressor. The frequency modulation of the input wave was monitored directly using a 13GHz bandwidth fast digital oscilloscope.
The input pulse was launched via WG16 waveguide, in the fundamental TE1o mode, and then converted to a circularly polarized TE11 mode via adaptor and polarizer sections. The procedure was reversed at the output of the helix to allow for measurement.
The input pulse had a frequency sweep from 9.6 to 9.1GHz with duration of 80ns. This was then amplified by the TWT to a mean power of around 5.6kW before entering the helix.
Optimising the experimental process resulted in a compressed pulse of 1.5 ns duration with a peak power compression ratio of 25 (13.9 dB), shown in Figure 2 . This pulse, excluding the side lobes, contained 69% of energy of the input pulse.
Conclusion
A Helical compressor can be readily applied to a frequency tuneable amplifier, directly enhancing both the peak power and effective range of the device, which is important in certain RaDAR applications. 
